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ABSTRACT

Equilibrium Quality Criterion (EQC) Level I calculations have been performed with Standard Equilibrium 
Quality Criterion (EQC) environment to study the environmental partitioning of a fungicide Fluopyram. 
Equilibrium Quality Criterion (EQC) Level I calculation assumes no degradation of the chemical, 
steady-state, and equilibrium conditions between the environmental compartments. The results reveal 
that the concentration of Fluopyram is expected to be maximum in the sediment compartment, followed 
by soil and water compartments. The effect of soil and sediment types on partitioning has been studied 
by systematically varying the densities of these two compartments. In the sediment compartment, the 
Fluopyram concentration is predicted to be highest if the sediment type is ‘sandy’ and the soil type is 
‘clay’.    

INTRODUCTION

The use of chemical pesticides in farming is one of the prin-
cipal facets of modern agricultural practices. These pesticides 
come in a wide variety of types like contact and non-contact 
pesticides, selective, non-selective, etc., and functions like 
herbicides, fungicides, bactericides, nematicides, etc. (Du-
ran-Lara et al. 2020). All of these pesticides are toxic not only 
to humans but also to flora and fauna (Bernardes et al. 2015).  
After their intended use of these pesticides in agricultural 
fields, these pesticides are left in the environment to degrade 
and dissipate. Many of these pesticides end up polluting the 
sea and surface water, sediments, and air. Their concentra-
tions in these environmental compartments can be deter-
mined experimentally using a standard analytical procedure 
or estimated by the use of environmental fate models (Di 
Guardo et al. 2018). 
Fluopyram is a new pyridylethylamide insecticide with a 
wide-ranging fungicidal and nematocidal action and has 
extensive potential use in agriculture worldwide (Persistence 
Market Research 2020). It is identified to be toxic to aquatic 
organisms (Malhotra 2018, EFSA 2013) and hence it is not 
used near places where aquaculture is practiced. 

Considering the importance of Fluopyram in agriculture 
and the need to the study environmental fate of pesticides, 
this paper describes the effect of soil and sediment type on 
the environmental fate of Fluopyram using a fugacity-based 
Equilibrium Quality Criterion Model “EQC Model’ (Mackay 
2004). The EQC model has been used in several studies to 
predict the environmental fate of chemicals in the environ-
ment (Macleod & Mackay 1999, Cahill et al. 2003, Ellis et 
al. 2006, Lifongo & Nfon 2009, Ndouba et al. 2020, Kim 
et al. 2013).

MATERIALS AND METHODS

The Level I of the Equilibrium Criterion (EQC) model has 
been used in this study (Mackay 2001). There are several 
assumptions of the  Level 1 model (Mackay & Seth 2001) 
which are as follows: the system containing M moles of the 
chemical is in thermodynamic equilibrium and the fugacity 
of the chemical species is the same throughout the system; 
a multi-compartment “Unit World” is described with the 
volume of each compartment being vi; the chemical does 
not react and no loss of the chemical is taking place by any 
means from the unit world, and the system is in steady-state 
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with no movement of the chemical from one phase to another.
For a multicomponent system, the common fugacity is 
defined as  
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Where zi is the fugacity capacity of the particular phase for the chemical and is used to relate 

concentration and f as follows:  

        𝑐𝑐𝑖𝑖 = 𝑓𝑓𝑧𝑧𝑖𝑖                                                     …(2) 

The concentration ci in each compartment can then be calculated from Eqn. 2 and the quantities 

in each of the compartments   

Mi = viƒzi.          …(3) 

zi depends upon chemical properties, the nature of the phases, and temperature. 

The fugacity capacities of different phases are defined by the flowing equations: 

fugacity capacity of air: (za)           𝑧𝑧𝑎𝑎 = 1
𝑅𝑅𝑅𝑅            …(4) 

fugacity capacity of aerosol: (zaerosol)  
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where Kqa 

𝐾𝐾𝑞𝑞𝑞𝑞 = 6×106

𝑃𝑃𝐿𝐿
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PL is the subcooled vapor pressure 

                                                      𝑃𝑃𝐿𝐿 = 𝑃𝑃 exp [6.79 (𝑇𝑇𝑀𝑀
𝑇𝑇

− 1)]                 𝑎𝑎𝑎𝑎     𝑇𝑇 < 𝑇𝑇𝑀𝑀           …(7) 

where T is the measurement temperature, TM is the melting point, P is the vapor pressure at 

temperature T. 

fugacity capacity of water: (zw) 

𝑧𝑧 = 𝑆𝑆
𝑃𝑃       …(8) 
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where foc is the fraction of organic compounds in sediments. (taken as constant 0.04 in EQC 

standard environment). 

additionally, Henry’s Law constant can be obtained by the equation given as  

𝐻𝐻 = 𝑃𝑃
𝑆𝑆 ×𝑀𝑀      …(18) 

Where P is the vapor pressure and S is the water solubility and M is the molecular weight. 

 

Model Inputs 

An examination of the chemical properties of Fluopyram (see below) indicates that it 

is a Type 1 chemical (Mackay et al. 1996a, Mackay et al. 1996b, Mackay et al. 1996c) with 

vapor pressure > 10-7 Pa and solubility in water > 10-6 g.m-3. The EQC Level 1 model requires 

the following chemical properties as inputs for Type 1 chemicals, the values of which are given 

for Fluopyram: a) vapor pressure,  1.20x10-6 Pa; b) water solubility, 16.0 g.m-3; c) molar mass, 

396.72 g.mol-1; d) melting point, 117.5⁰C; e) data temperature; 20⁰C (Pesticide Properties 

Database, 2019). The EQC model assumes a one-time release and instantaneous equilibration 

of 100,000 kg of the chemical which is 256,067 mols of Fluopyram. 

The model has an inbuilt ‘EQC Standard Environment’ which is mentioned in Table 1. 

These values are used to calculate the distribution of Fluopyram in the ‘Unit World’. 

The ‘EQC Standard Environment’ has been modified to calculate the effect of soil 

density on the Fluopyram distribution. The following agricultural soil types (Irmak & Djaman 

2015) have been used and their density values are mentioned in parentheses (kg.L-1) a) clay 

soil (1.15) b) silt loam soil (1.13) c) clay loam soil (1.325) d) loam soil (1.38e) sandy loam soil 

(1.425) and f) sandy soil (1.45). To calculate the distribution of the effect of sediment density 

on the Fluopyram distribution, the following sediment types (Flemming & Delafontaine 2016) 

have been used and their density values are mentioned in parentheses (kg.L-1), a) muddy 

sediment (0.3) b) slightly sandy muddy sediment (0.4) c) sandy muddy sediment (0.6) d) 
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Where P is the vapor pressure and S is the water solubility 
and M is the molecular weight.

Model Inputs

An examination of the chemical properties of Fluopyram 
(see below) indicates that it is a Type 1 chemical (Mackay 
et al. 1996a, Mackay et al. 1996b, Mackay et al. 1996c) with 
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vapor pressure > 10-7 Pa and solubility in water > 10-6 g.m-

3. The EQC Level 1 model requires the following chemical 
properties as inputs for Type 1 chemicals, the values of which 
are given for Fluopyram: a) vapor pressure,  1.20x10-6 Pa; b) 
water solubility, 16.0 g.m-3; c) molar mass, 396.72 g.mol-1; 
d) melting point, 117.5⁰C; e) data temperature; 20⁰C (Pesti-
cide Properties Database, 2019). The EQC model assumes a 
one-time release and instantaneous equilibration of 100,000 
kg of the chemical which is 256,067 mols of Fluopyram.

The model has an inbuilt ‘EQC Standard Environment’ 
which is mentioned in Table 1. These values are used to 
calculate the distribution of Fluopyram in the ‘Unit World’.

The ‘EQC Standard Environment’ has been modified 
to calculate the effect of soil density on the Fluopyram 
distribution. The following agricultural soil types (Irmak 
& Djaman 2015) have been used and their density values 
are mentioned in parentheses (kg.L-1) a) clay soil (1.15) b) 
silt loam soil (1.13) c) clay loam soil (1.325) d) loam soil 
(1.38e) sandy loam soil (1.425) and f) sandy soil (1.45). To 
calculate the distribution of the effect of sediment density 
on the Fluopyram distribution, the following sediment types 
(Flemming & Delafontaine 2016) have been used and their 
density values are mentioned in parentheses (kg.L-1), a) 
muddy sediment (0.3) b) slightly sandy muddy sediment (0.4) 
c) sandy muddy sediment (0.6) d) muddy sandy sediment 
(0.9) e) slightly muddy sandy sediment (1.2) and f) sandy 
sediment (1.5). 

Fugacity-based Environmental Equilibrium Partitioning 
Model Level I (Mackay 2004) have been used to perform 
the EQC Level 1 calculations for the ‘EQC Standard En-
vironment’. The same calculations were performed using 
MS Excel for convenience and the results matched with the 
output of the EQC Level 1 program (Table 2). This served 
as a check on the calculations performed in MS Excel. The 
density of the soil and sediment compartments were varied 
systematically and calculations were performed using MS 
Excel, and the maximum and minimum Fluopyram con-
centration in different environmental compartments were 

determined, for different combinations of soil and sediments 
and are tabulated in Table 3.

RESULTS AND DISCUSSION

The amounts of Fluopyram (by weight) and its relative dis-
tribution in ‘Standard EQC environment’ in different envi-
ronmental compartments have been shown in Table 2.  There 
is a large amount (mols) of Fluopyram present in soil (63%) 
and water (36%), followed by sediment compartment (1.4%) 
and negligible quantities in the air. Also, the concentration of 
Fluopyram is more in sediments> soil>water. The air com-
partment showed very little concentration of the chemical.

The negligible presence of Fluopyram in the air is un-
derstandable because of its low vapor pressure. A chemical 
with a small vapor pressure does not distribute into the air 
so there is a possibility for accumulation in water if it is 
water-soluble or soil. However, if it is not water-soluble, the 
chemical can accumulate in the soil. The water solubility of 
Fluopyram is moderately low. The predicted large amount of 
Fluopyram in the soil compartment was noticed. The Henry’s 
Law constant value for Fluopyram is low H = 2.98 ¥ 10–5 
Pam

3/mol,  which indicates that it will distribute to the air 
compartment. Also, it was noted that in the air compartment 
Fluopyram concentrations are predicted to be far below the 
detection limit of 4 µg.m-3 (BVL 2017).

The Fluopyram concentrations for all possible combina-
tions of soil and sediment types (details in the Methods sec-
tion) were calculated and the maximum and minimum values 
are tabulated for the four main environmental compartments 
and are depicted in Table 3. The concentrations units used 
are mol.m-3, for easy comparison amongst compartments 
with varying density of its constituents. 

The highest Fluopyram concentration is predicted to 
occur in the sediment compartment with clay soil-sandy 
sediment combination (Fig. 1). An increasing Fluopyram 
concentration is predicted in sediments with different types 
of soils, and the order of sediment types can be established as 

Table 1: Environmental Parameters Under ‘EQC Standard Environment’.

Volume, m3 Density,  kg.m-3 Organic carbon, g.g-1 Fish-lipid,  g.g-1

Air 1.00E+14 1.21 - -

Aerosol 2000 2000 - -

Water 2.00E+11 1000 - -

Suspended particles 1.00E+06 1500 0.200 -

Fish 2.00E+05 1000 - 0.0500

Soil 9.00E+09 2400 0.0200 -

Sediments 1.00E+08 2400 0.0400 -
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follows: muddy sediment < slightly sandy muddy sediment 
< sandy muddy sediment < muddy sandy sediment < slightly 
muddy sandy sediment < sandy sediment. This the same order 
in which the sediment density increases.

An increasing Fluopyram concentration is predicted in 
soil with different types of sediment, and the order of soil 
types can be established as follows: clay soil < silt loam 
soil < clay loam soil < loam soil < sandy loam soil < sandy 
soil (Fig. 2). This the same order in which the soil density 
increases. The Fluopyram concentration is the maximum for 

sandy soil-muddy sediment combination (Table 3).

Table 3 would be helpful to identify the soil and sediment 
combination leading to the highest and lowest concentrations 
of Fluopyram. This would in turn help to understand and 
guide the use of Fluopyram in different environments with 
different types of soil and sediment combinations. At the 
default value of 100,000 kg application of the Fluopyram, 
the concentrations of Fluopyram in the soil compartment 
(Table 2) are above the detection limit (1.5x10-3 µg.g-1) and 
lower than the quantification limit (5.0x10-3 µg.g-1) (FAO 

Table 2: Concentration and Amount of Fluopyram in Main Four Different Compartments in EQC Standard Environment at 100,000 kg Emission.

Compartment Conc. mol.m-13 Conc. µg.g-1 of solids Conc. g.m-3 Amount Mol Amount %

Air 5.48E-15 - 7.17E-12 0.548 2.17E-04

Water 4.49E-07 - 1.78E-04 89778 35.6

Soil 1.76E-05 2.19E-03 6.99E-03 1.59E+05 62.9

Sediments 3.35E- 05 5.83E-03 1.40E-02 3525 1.40

Table 3: Maximum and minimum Fluopyram concentration for different combinations of soil and sediments.

Comp. Soil and Sediment combination producing 
Max. Fluopyram conc.

Conc. (mol.m-3) Soil and Sediment combination pro-
ducing Mini. Fluopyram conc.

Conc. (mol.m-3)

Soil type Sed. Type Soil type Sed. Type

Air Clay soil Mud sed. 8.30342 ×〖10-15 Sandy soil Sand sed. 7.35 ×〖10-15

Water Clay soil Mud sed. 6.80161 ×〖10-7 Sandy soil Sand sed. 6.02 ×〖10-7

Sed. Clay soil Sand sed. 3.30346 ×〖10-5 Sandy soil Mud sed. 5.96581 ×〖10-5

Soil Sandy soil Mud sed. 1.44174 ×〖10-5 Clay soil Sand sed. 1.26633 ×〖10-5 
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Fig. 1: Graphical representation of variation in concentration of Fluopyram in sediment with different soil and sediment types.
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2011). In the case of the sediment compartment, however, 
the concentration of Fluopyram (Table 2) is above the quan-
tification limit.

CONCLUSION

To conclude, through this evaluative study, it was understood 
how the densities of soil and sediment in the environment 
together with the physico-chemical properties of Fluopyram 
controls the environmental fate of the pesticide. The EQC 
Model predicts that Fluopyram mainly distributes (in terms of 
amount) to soil and water.  However, its concentration in the 
sediment compartment would be maximum. It is also predict-
ed that ‘sandy sediment’ would be able to concentrate most 
of the Fluopyram while ‘muddy sediment’ concentrates the 
least for all possible combinations of soil and sediment types. 
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